Cell Injury-3 Dr Hussain Abady

Types of cell necrosis
1. Coagulation (coagulative) necrosis.
2. Liquefaction (liquefactive) necrosis.
3. Fat necrosis.
4. Caseation (caseous) necrosis.
5. Gangrenous necrosis. 
6. Fibrinoid necrosis.
Coagulative necrosis
Gross appearance; the affected tissues exhibit a firm texture. Presumably, the injury denatures not only structural proteins but also enzymes and so blocks the proteolysis of the dead cells; as a result, eosinophilic, anucleate cells may persist for days or weeks. Ultimately the necrotic cells are removed by phagocytosis of the cellular debris by infiltrating leukocytes and by digestion of the dead cells by the action of lysosomal enzymes of the leukocytes. Ischemia caused by obstruction in a vessel may lead to coagulative necrosis of the supplied tissue in all organs except the brain. A localized area of coagulative necrosis is called an infarct.
Microscopically;

a. The fine structural details of the affected tissue (and cells) are lost but their outlines are maintained.

b. The nuclei are lost.
c. The cytoplasm is converted into homogeneous deeply eosinophilic and structureless material.
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FIGURE 111 Coagulatve necrosis. A, A wedge-shaped kidney infarct (yelow). B, Hicroscopic view of the edge of the.
nfarct, with normal kidney (N) and necrofi cells in the infarct ) showing preserved celllar outines with loss of nuclel
‘and an inflammatory infitate (which is ifficut o discern at his magnification).
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Liquefaction necrosis; in contrast to coagulative necrosis, is characterized by digestion of the dead cells, resulting in transformation of the tissue into a liquid viscous mass, then converted into a cyst filled with debris and fluid. 

 It is seen in;

a. For unknown reasons, hypoxic death of cells within the central nervous system often manifests as liquefactive necrosis   
b. Focal bacterial or, occasionally, fungal infections, because microbes stimulate the accumulation of leukocytes and the liberation of enzymes from these cells. The necrotic material is frequently creamy yellow because of the presence of dead leukocytes and is called pus. 
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Fat necrosis
Is a term that is well present in medical books but does not in reality denote a specific pattern of necrosis? It refers to focal areas of fat destruction, typically resulting from release of activated pancreatic lipases enzyme into the substance of the pancreas and the peritoneal cavity. This occurs in acute pancreatitis in which pancreatic enzymes leak out of acinar cells and liquefy the membranes of fat cells in the peritoneum. The released lipases split the triglyceride esters contained within fat cells. The fatty acids, so derived, combine with calcium to produce grossly visible chalky-white areas (fat saponification), which enable the surgeon and the pathologist to identify the lesions. On histologic examination the necrosis takes the form of foci of shadow outlines of necrotic fat cells, with basophilic calcium deposits, surrounded by an inflammatory reaction. Fat necrosis can also be induced by mechanical trauma as in female breast (traumatic fat necrosis).
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Caseous necrosis (caseation)
This combines the features of coagulative and liquefactive necrosis. It is encountered most often in foci of tuberculous infection. The term “caseous” (cheese-like) is derived from the friable white appearance of the area of necrosis. On microscopic examination, the necrotic area appears as a collection of fragmented or lysed cells and amorphous granular debris enclosed within a distinctive inflammatory border; this appearance is characteristic of a focus of inflammation known as a granuloma.  It is encountered principally in the center of tuberculous granulomas.
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Gangrenous necrosis
It is not a specific pattern of cell death, but the term is commonly used in clinical practice. It is usually applied to a limb, generally the lower leg, that has lost its blood supply and has undergone necrosis (typically coagulative necrosis) involving multiple tissue planes. When bacterial infection is superimposed there is more liquefactive necrosis because of the actions of degradative enzymes in the bacteria and the attracted leukocytes (giving rise to so-called wet gangrene). When the coagulative pattern is dominant the affected parts shrink and appear contracted (dry); the process is termed dry gangrene. Conversely, when the liquefactive action is more prominent, the affected parts are swollen (edematous); the term wet gangrene is used.
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Fibrinoid necrosis; is a special form of necrosis usually seen in immune reactions involving blood vessels. It occurs when complexes of antigens and antibodies are deposited in the walls of arteries producing immunologically mediated vasculitis causing leaking of serum from vessels, result in a bright pink and amorphous appearance in H&E stains, called “fibrinoid” (fibrin-like) by pathologists.
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Uttimately. in the liing patient most necratic cells and their contents disappear by phagocytosis of the
debris and enzymatic digestion by leukocytes. ff necrotic cells and cellular debris are not promptly
destroyed and reabsorbed, they tend to attract calcium salts and other minerals and to become
calcified. This phenomenon, called dystrophic calcification, is considered later in the chapter.





Apoptosis (Programmed cell death)
This distinctive pattern of cell death differs from necrosis in that it is an internally controlled process through which cells are disassembled and removed with minimal damage, if any, to the tissue containing them. If necrosis is considered as a morphological expression of cellular "homicide", then apoptosis, if the same philosophy is used, is a cellular "suicide". In essence, apoptosis is an energy-dependent process for deletion of unwanted individual cells. In every human, 10 billion cells must die every day (e.g. from the skin, mucosa of GIT, cellular elements of the blood, etc) to balance the 10 billion produced through mitosis. Apoptosis could be physiological or pathological process of cell death.
Examples where apoptosis occurs include:-
a. During embryogenesis; which is physiological process, and it is responsible for shaping various organs and structures (morphogenesis); normal cells undergo apoptosis when they end up outside the places they should be in body tissues.

b. Hormone-dependent involution
i. Physiological e.g. of the endometrium during the menstrual cycle and of lactating breast after weaning. 

ii. Pathological e.g. atrophy of the prostate after castration.
      c. Deletion in proliferating cells e.g.

i. Physiological e.g. of intestinal epithelium, skin and blo

cells.
ii. Pathological e.g. in tumors.



      d. Apoptosis induced by cytotoxic lymphocytes seen in two 
situations:
              i. Virally infected cells attacked by cytotoxic T-lymphocytes 
             
typical example is acute viral hepatitis.

               ii. Some immature B and T lymphocytes within the body can
not discriminate between self and non-self-antigens. If such cells persist after get activated, they may destroy healthy body cells (autoimmune diseases).

Injurious agents that cause irreparable DNA damage that triggers apoptotic pathway of cell death e.g. irradiation and  anti-cancerous chemotherapeutic drugs that are used in the treatment of malignant tumors, can induce apoptosis in some types of cancer cells.

From the above listed examples, it is conceivable that failure of cells to undergo apoptosis may result in undesirable effects that include:-
a. Anomalous development of various organs and tissues (birth defects).
b. Progressive acceleration of tumor growth.


c. Autoimmune diseases   e.g. systemic   lupus erythematosus and rheumatoid arthritis.

Morphology of apoptosis
Apoptosis usually involves single cells or clusters of cells (falling leaves). The apoptotic cell appears as rounded or oval with intensely eosinophilic (red) cytoplasm. The nuclear chromatin is aggregated under the nuclear membrane with nuclear shrinkage (pyknosis).This is followed by nuclear fragmentation (karyorrhexis). Then cytoplasmic budding (or blebbing) occur and each nuclear fragment will be contained within one bud. The resulting structures are called apoptotic bodies. These bodies are quickly phagocytosed or degraded. Apoptosis does not trigger an inflammatory response. 

Intracellular accumulations

Under certain situations, cells may accumulate abnormal amounts of various substances.
The accumulated substance falls into one of three categories
1. A normal cellular constituent accumulated in excess e.g. lipid, protein, and CHO.
2. An abnormal substance that is a product of abnormal metabolic pathway.
3. A pigment i.e. a colored substance.

The accumulated substance may be harmless or severely toxic to the cell. The site of accumulation is either nuclear or cytoplasmic. Within the cytoplasm, the accumulated substance is most frequently within the lysosomes. 
The mechanisms of abnormal intracellular accumulations are many but can be divided into four general types:

1. Abnormal metabolism: a normal substance is produced at a normal rate, but the rate of its removal is inadequate e.g. fatty change of the liver and occurrence of protein droplets in the epithelial cells of proximal convoluted tubules in cases of proteinuria due to leaky glomeruli.
2. Genetic mutations producing changes in protein folding and transport. A protein is composed of amino acids linked in specific sequences by peptide bonds and coiled and folded into complex globular or fibrous structures. A change in this configuration may result in interference with its transport so that it gets accumulated at the site of production.
3. A normal or abnormal substance is produced but cannot be metabolized. This is most commonly due to lack of an enzyme, which is genetically determined (inborn error of metabolism). Such a deficiency of enzymes blocks a specific metabolic pathway resulting in the accumulations of unused metabolite (s) proximal to the block. The resulting diseases are referred to as storage diseases.
4. An abnormally exogenous substance is deposited and accumulates because the cell is incapable to get rid of it (through enzymatic degradation or to transport it to the outside) e.g. carbon particles in anthracosis and silica particles in silicosis.
	 Features of Necrosis and Apoptosis


	

	Feature
	Necrosis
	Apoptosis

	
	
	

	Cell size
	Enlarged (swelling)
	Reduced (shrinkage)

	
	
	

	Nucleus
	Pyknosis → karyorrhexis → karyolysis
	Fragmentation into nucleosome-size fragments

	
	
	 

	Plasma membrane
	Disrupted
	Intact; altered structure, especially orientation of lipids

	
	
	

	Cellular contents
	Enzymatic digestion; may leak out of cell
	Intact; may be released in apoptotic bodies

	
	
	

	Adjacent inflammation
	Frequent
	No

	
	
	

	Physiologic or pathologic role
	Invariably pathologic (culmination of irreversible cell injury)
	Often physiologic, means of eliminating unwanted cells; may be pathologic after some forms of cell injury, especially DNA damage
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Immunohistochemistry (IHC); is an important application of monoclonal as well as polyclonal antibodies to determine the tissue distribution of an antigen of interest in health and disease. IHC is widely used for diagnosis of cancers. The test depends on antibody against tissue antigens, this antibody conjugated to enzyme (peroxidase or alkaline phosphatase), and substrate for the enzyme as reporter of reaction. The test stains the end product of gene (the protein). It is used in;

1. Diagnosis of undifferentiated cancer (unknown histogenesis), such epithelial, lympho-reticular, mesenchymal, neutral, and neuroendocrine origin by applying a panel of markers (cytokeratin, CD 45, vimentin, S-100 protein, synaptophysin, .. etc). 

2. Differentiation between malignant and benign conditions (monoclonality in lymphoid lesions).

3. Prediction of response to therapy, epidermal growth to therapy (ER, PR).

4. Predict overexpression of gene such as HER-2/neu, in breast cancer. 

5. Detect microorganism in infection.
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                   Principles of IHC                        IHC CD 10 in normal kidney (cytoplasmic)
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           IHC for Her-2/neu(cell membrane)                          IHC ER(nuclear)



Molecular Diagnosis of Genetic Diseases

DNA-based analysis has become a powerful tool for the diagnosis of human disease, both genetic and acquired. Molecular diagnostic techniques have found application in virtually all areas of medicine. Before the availability of molecular diagnostic assays, assays for single-gene (“mendelian”) disorders depended on the identification of abnormal gene products (e.g., mutant hemoglobin or abnormal metabolites) or their clinical effects, such as mental retardation (e.g., in phenylketonuria). Now, it is possible to identify mutations at the DNA level and offer diagnostic tests for an increasing number of genetic disorders. The molecular diagnosis of inherited diseases at the nucleic acid level has distinct advantages over other techniques:   

1. Molecular assays are remarkably sensitive. For example, the use of PCR allows several million-fold amplification of DNA or RNA, making it possible to use as few as 1 or 100 cells for analysis. 0.1μl of blood or cells scraped from buccal mucosa can supply sufficient DNA for PCR amplification. 

2. DNA-based tests are not dependent on a gene product that may be produced only in certain specialized cells (e.g., brain) or expression of a gene that may occur late in life. Because the defective gene responsible for inherited genetic disorders is present in germ line samples, every postzygotic cell carries the mutation.

3. It is more accurate than IHC, in which the severity of condition depends of the staining intensity, while in molecular test it depends on the copy number of the gene. 



INDICATIONS FOR ANALYSIS OF GERM LINE GENETIC ALTERATIONS

While many techniques are available today for the diagnosis of genetic diseases, to judiciously use these methods it is important to ascertain which individuals require genetic testing. It may involve conventional cytogenetics, fluorescent in situ hybridization (FISH), other molecular diagnostic assays, or a combination of these techniques. In general, testing for alterations inherited in the germ line can be divided into; 

1. Prenatal analysis.

2. Postnatal analysis. 

Prenatal genetic analysis; should be offered to all patients who are at risk of having cytogenetically abnormal progeny. It can be performed on cells obtained by amniocentesis, on chorionic villus biopsy material, or on umbilical cord blood. Some important indications are:

a. A mother of advanced age (>35 years) because of greater risk of trisomies. 

b. A parent who is a carrier of a balanced reciprocal translocation, Robertsonian translocation, or inversion (in these cases the gametes may be unbalanced, and hence the progeny would be at risk for chromosomal disorders). 

c. A parent with a previous child with a chromosomal abnormality. 

d. A fetus with ultrasound-detected abnormalities. 

e. A parent who is a carrier of an X-linked genetic disorder (to determine fetal sex). 

f. Abnormal levels of AFP, βHCG, and estriol performed as the triple test. 

Postnatal genetic analysis; is usually performed on peripheral blood lymphocytes. Indications are as follows:

a. Multiple congenital anomalies. 

b. Unexplained mental retardation and/or developmental delay. 

c. Suspected aneuploidy (e.g., features of Down syndrome). 

d. Suspected unbalanced autosome (e.g., Prader-Willi syndrome). 

e. Suspected sex chromosomal abnormality (e.g., Turner syndrome). 

f. Suspected fragile-X syndrome. 

g. Infertility (to rule out sex chromosomal abnormality). 

h. Multiple spontaneous abortions (to rule out the parents as carriers of balanced translocation; both partners should be evaluated). 

INDICATIONS FOR ANALYSIS OF ACQUIRED GENETIC ALTERATIONS

In this era of molecularly targeted therapies it is becoming increasingly important to identify specific molecular genetic signatures for acquired diseases (i.e., cancer and infectious disease). The technical approaches are the same as those used for germ line Mendelian disorders, and the common indications in cancer include:

a. Detection of tumor-specific acquired mutations and cytogenetic alterations that are the hallmarks of specific tumors (e.g., BCR-ABL1 in chronic myeloid leukemia or CML). 

b. Determination of clonality as an indicator of a neoplastic (i.e., nonreactive) condition. 

c. The identification of specific genetic alterations that can direct therapeutic choices (e.g., HER2/Neu) in breast cancer or EGFR mutations in lung cancer) 

d. Determination of treatment efficacy (e.g., minimal residual disease detection of BCR-ABL1 by PCR in CML) 

e. Detection of Gleevec-resistant forms of chronic myeloid leukemia and gastrointestinal stromal tumors. 

Common indications for molecular diagnosis of infectious diseases are;

a. Detection of microorganism-specific genetic material for definitive diagnosis (e.g., HIV, mycobacteria, human papillomavirus, herpesvirus in central nervous system) 

b. The identification of specific genetic alterations in the genomes of microbes that are associated with drug resistance. 

c. Determination of treatment efficacy (e.g., assessment of viral loads in HIV and hepatitis C virus infection). 

The common molecular test

1. PCR (polymerase chain reaction).

There are two types of PCR (polymerase chain reaction);

a. Convential PCR.

b. Realtime PCR.

PCR is an instrument and technique for exponential amplification of the target DNA, producing millions of copies of the DNA sequences between the two primers by using; 

a. Thermal cycler (PCR machine).

b. Appropriate DNA polymerases.

c. Mixture of nucleotides.

d. Forward and reverse primers.

e. The cycles for PCR amplification are usually forty cycles.

f. Each PCR cycle consists of a denaturation to separate the double stranded DNA into two strands by elevation of temperature to 95 C, then followed by lowering temperature annealing temperature in which the primers (forward and reverse) anneals to two strands of DNA which is about 50 – 60 C, then followed by extension in a temperature around 72C in which a new copy of DNA is produced. At the ends of cycles the Ct (cycle threshold) values of samples are taken which depend on the amount of targeted gene in amplified specimens. The high the amount of target DNA, the lower the Ct value, and vice versa. The reporter molecules of the PCR product is either;

i. Fluorescent dyes such as CYBRE GREEN, which when intercalates with any double stranded DNA started to emits fluorescent light.

ii. Fluorescent specific probes such as TaqMan probe.
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                                           TaqMan probe
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Primer and DNA probe from TaqMan





[image: ]



Fluorescence produced by TaqMan probe and mastermix
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Amplification of target DNA using PCR

[bookmark: _GoBack]The subsequent identification of PCR amplified products can then be performed using a number of assays. 

1) Direct sequence analysis; of PCR products by DNA sequencing machine. DNA can be sequenced to obtain a readout of the order of nucleotides, and by comparison with a normal (wild-type) sequence, mutations can be identified. Challenges to use of gene sequencing for the diagnosis of diseases include the;

i. Difficulty of performing technique and high cost of analyzing large genes. For example, the gene associated with Duchenne muscular dystrophy possesses 79 exons, and the FBN1 gene mutated in Marfan syndrome possesses 65 exons; the sequencing of these genes in their entirety can be expensive with current methodologies. 

ii. It is not uncommon to detect sequence alterations of unknown significance, which cannot be definitively determined to be pathogenic. 

2) Gene chips (microarrays) to sequence genes or portions of genes.

3) Labelled probes.

[image: ]

4) Detection of DNA Mutations by Indirect Methods

There are a large number of molecular techniques that detect DNA mutations without direct sequencing;

i. Use of restriction enzymes that recognize, and then cut, DNA at specific sequences. If the specific mutation is known to affect a restriction site, then the amplified DNA can be digested to give rise to PCR products of different sizes on agarose gel electrophoresis. 

ii. Use of fluorescently labeled nucleotides that identify mutations at a specific nucleotide position (say, a codon 12 mutation in the KRAS oncogene that converts glycine [GGT] to aspartic acid [GAT]) would be to add C and T to the PCR mixture, which are complementary to either the wild-type (G) or mutant (A) sequence, respectively. Since these two nucleotides are labeled with different fluorophores, the fluorescence emitted by the resulting PCR product can be of one or another color, depending on whether a “C” or a “T” becomes incorporated in the process of primer extension. The advantage of this “allele-specific extension” strategy is that it can detect the presence of mutant DNA even in heterogeneous mixtures of normal and abnormal cells (for example, in clinical specimens obtained from individuals with a suspected malignancy). 

iii. By PCR analysis, several diseases, such as the fragile-X syndrome, are associated with trinucleotide repeats. Two primers that flank the region affected by trinucleotide repeats at the 5′ end of the FMR1 gene are used to amplify the intervening sequences. Because there are large differences in the number of repeats, the size of the PCR products obtained from the DNA of normal individuals, or those with premutation, is quite different. These size differences are revealed by differential migration of the amplified DNA products on a gel-electrophoresis. At this point the full mutation cannot be detected by PCR analysis, because the affected segment of DNA is too large for conventional PCR. In such cases, a Southern blot analysis of genomic DNA must be performed (see “Southern Blotting”). 
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Figure.  Diagnostic application of PCR and Southern blot analysis in fragile-X syndrome. With PCR the differences in the size of CGG repeats between normal and premutation give rise to products of different sizes and mobility. With a full mutation, the region between the primers is too large to be amplified by conventional PCR. In Southern blot analysis the DNA is cut by enzymes that flank the CGG repeat region, and is then probed with a complementary DNA that binds to the affected part of the gene. A single small band is seen in normal males, a band of higher molecular weight in males with premutation, and a very large (usually diffuse) band in those with the full mutation.

2. Karyotyping and g-banding
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3. Fluorescence in Situ Hybridization

FISH uses DNA probes that recognize sequences specific to particular chromosomal regions. The human DNA insert in these clones is on the order of 100,000–200,000 base pairs, which defines the limit of resolution of FISH for identifying chromosomal changes. These DNA clones are labeled with fluorescent dyes and applied to metaphase spreads or interphase nuclei. CISH is a new procedure in which a permanent slides can be made (chromogenic insitu hybridization). FISH has been used for detection of;

1. numeric abnormalities of chromosomes (aneuploidy).

2. demonstration of subtle microdeletions.

3. complex translocations not detectable by routine karyotyping.

4. analysis of gene amplification (e.g., HER2/NEU in breast cancer or N-MYC amplification in neuroblastomas).

5. mapping newly isolated genes of interest to their chromosomal loci. 

6. Chromosome painting (spectral karyotyping) is an extension of FISH, whereby probes are prepared for entire chromosomes. 
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3. Array-Based Comparative Genomic Hybridization (Array CGH)

FISH requires prior knowledge of the one or few specific chromosomal regions suspected of being altered in the test sample. However, genomic abnormalities can also be detected without prior knowledge of what these aberrations may be, using a global strategy such as array CGH. In array CGH the test DNA and a reference (normal) DNA are labeled with two different fluorescent dyes (most commonly Cy5 and Cy3, which fluoresce red and green, respectively). The differentially labeled samples are then hybridized to a glass slide spotted with DNA probes that span the human genome at regularly spaced intervals, and usually cover all 22 autosomes and the X chromosome. If the contributions of both samples are equal for a given chromosomal region (i.e., the test sample is diploid), then all spots on the array will fluoresce yellow (the result of an equal admixture of green and red dyes). In contrast, if the test sample shows an excess of DNA at any given chromosomal region (such as resulting from an amplification), there will be a corresponding excess of signal from the dye with which this sample was labeled. Newer arrays provide even higher resolution with more than 100,000 probes per array, and are at present being used to uncover copy number abnormalities in a variety of diseases, from cancer to autism. Array CGH is regularly performed in cases of mental retardation–developmental delay of unknown etiology or in children with dysmorphic features with negative karyotypes.
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4. RNA ANALYSIS

Changes in DNA lead to alterations in mRNA expression; hence in principle it should be possible to use mRNA expression analysis in the diagnosis of genetic diseases. From a practical standpoint, however, DNA-based diagnosis is much preferred, since DNA is much more stable. Nonetheless, RNA analysis is critical in several areas of molecular diagnostics. The most important application is the detection and quantification of RNA viruses such as HIV and hepatitis C virus. Furthermore, mRNA expression profiling is rapidly becoming an important tool for molecular stratification of tumors. In some instances cancer cells bearing particular chromosomal translocations are detected with greater sensitivity by analyzing mRNA (e.g., BCR-ABL fusion in CML). The principal reason for this is that most translocations occur in scattered locations within particular introns, which can be very large, beyond the capacity of conventional PCR amplification. Since introns are removed by splicing during the formation of mRNA, PCR analysis is possible if RNA is first converted to cDNA by reverse transcriptase. PCR performed on cDNA is the method of choice for detection of minimal residual disease in patients with chronic myeloid leukemia.
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Tag polymerase then adds nucleotides and removes the Tagman® probe from the template DNA. This scparates the quencher from the reporter. and allows the reporter to
give off its cmit its cnergy. This is then quantified using a computer. The more times the denaturing and anncaling takes place, the more opportunities there arc for the
Taqman® probe to bind and, in tum, the more emitted light is detected. (swwiw-probes.com 2003)
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Figure 3. The reporter dye is released from the extending double-stranded DNA created by the Taq polymerase. Away from the quenching dye, the light emitted from the reporter dye in an excited state can.
now be observed. Image created by Dan Pierce.
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Thus the polymerase has somewhere to bind and can  The optimal temperature for the polymerase to operate is

begin to copy the DNA strand: 72°C so at this point the temperature is sometimes raised
to 72°Gto dllow the enzyme to work faster

i

There are now twice as many copies of your gene of
interest as when you started:

This temperature change is repeated through around
40" cycles'. Thus one copy becormes 2, 2 become 4, 4
become 8, and so on urtil billons of copies are created

After ampliying your gene it is possble to un the
ampified DNA oLt on an agarase gel and stain it with a
dye which mekes it visible. The brighter the visible band,
the more copies of your target you have created.

Real-time PCR
“This same principle of amplification is employedin real-
time PCR. But instead of looking at bands on a gel at the
end of the reaction, the process is monitored in “real-
time”. Literally, the reaction is placed in to a rel-time PCR
machine that watches the reaction occur with a camera or
detector.

There are a many differert techniques that are used to
alow the progress of a PCR reaction to be montored

but they all have one thing in common. They all ink the
ampification of DNA tothe generation of fluorescence
which can simply be detected with a camera during each
PCR oycle. These different techniues are discussed on

7:56 AM
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“tiled" adjacent to each other on the gene chip, and the DNA sample to be tested is hybridized to the
array (Fig. 5-30 ). Before hybridization the sample is labeled with fluorescent dyes. The hybridization
(and consequently, the fluorescent signal emitted) will be strongest at the oligonucleotide that is
complementary to wild-type sequence if no mutations are present, while the presence of a mutation
will cause hybridization to occur at the complementary mutant oligonucleotide. Computerized
algorithms can then rapidly “decode” the DNA sequence for hundreds of thousands of base pairs of
‘sequence from the fluorescent hybridization pattem on the chip, and identify potential mutations
Perhaps the most exciting recent advance is technology termed "next-generation” sequencing, which
involves PCR performed in an oil emulsion that allows over one millon individual PCR reactions at
once. 7 While at present very costly. over ane billion nucleotides (one third of the human genomel)
‘can be sequenced per run. Bioinformatics challenges of handling and interpreting such massive
‘amounts of data are currently staggering. and much effort is devoted to such analysis

ACAATTTCG
ACAATTTCG

FIGURE 530 Iicroarray-based DIVA sequencing. A, A low-power digiized scan of a “gene chip” that s no arger than
a nickel n size but s capable of sequencing thousands of base pairs of DNA. High-throughput microarrays have been
used for sequencing whole organisms (such as viruses), rganells (such as mtochondria), and entre human
‘chromosomes. B, A high-resolution view of the gene chiplusirates hybridization patterns corresponding to a siretch of
DN sequence. Typicaly, a computerized algorhms avaiable that can convert the individual hybridizaton patterns. I
‘across the entire chip into actual sequence data within  mattr of minutes (conventionaF sequencing technologies
would require days o weeks for such analysis). Here, the upper sequence s the reference (wik-type) sequence,
‘whie the lower one corresponds {0 thetest sample sequence. As shown, the computerized algorifim has entifed a
C=+G mutation nthe test sample. (4dapted from Maitrs 4 et oL The Human MitoChip: 3 high-throughput sequencing
microarray for the mitochondrial mtation detection. Genome Res 14:812, 2004)

IDetection of DNA Mutations by Indirect Methods

There are a large number of molecular techniques that detect DNA mutations without direct
‘sequencing. Their development is driven by lower costs and higher throughput

*_ One simple approach takes advantage of the digestion of DNA vith enzymes known as -
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FIGURE 531 Alll-specific PCR for mutation detection n 3 heterogeneous sample containing an admixture of normal
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oen overcome by the ntroduction of spectra karyotyping (aiso called muticalor FISH) By using a
fcombination of five fluorochromes and appropriate computer-generated signals, the entire human
Jgenome can be visualized ( Fig 535 ). So powerful is spectral karyotyping that it might well be called
Fspectacular karyotyping

FIGURE 5.35 FISH studies using muticolor FISH in a chid with an undetermined abnormalty. This technique uses ratio-

labeled probes labeled wih 23 distnct mixures of S fuorophores to create a unique “color for each chromosome. This =
‘analysis revealed a derivative chromosome 9, wih Sp containing addiional material from 22q. (Courtesy of Dr. Stuart
Schwartz, Department of Pathology, University of Chicago, Chicago, IL)

|array-Based Comparative Genomic Hybridization (Array CGH)

Itis obvious from the preceding discussion that FISH requires prior knowledge of the one o few
specific chromosomal regions suspected of being altered in the test sample. However, genomic

hnnrmalities ran alen ha dotartar withnist rrinr knowlarng of what these aharratione may he rising 2
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FIGURE 5-30 Microarray-based DNA sequencing. A, A low-power digitized scan of a “gene chip” that is no larger than
a nickel in size but is capable of sequencing thousands of base pairs of DNA. High-throughput microarrays have been
used for sequencing whole organisms (such as viruses), organelles (such as mitochondria), and entire human
chromosomes. B, A high-resolution view of the gene chip illustrates hybridization patterns corresponding to a stretch of
DNA sequence. Typically, a computerized algorithm is available that can convert the individual hybridization patterns
across the entire chip into actual sequence data within a matter of minutes (*conventional” sequencing technologies
would require days to weeks for such analysis). Here, the upper sequence is the reference (wild-type) sequence,
while the lower one corresponds to the test sample sequence. As shown, the computerized algorithm has identified a
C=~G mutation in the test sample. (Adapted from Maitra A et al.: The Human MitoChip: & high-throughput sequencing
microarray for the mitochondrial mutation detection. Genome Res 14:812, 2004.)
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FIGURE 5.36 A, Array CGH is performed by hybridizaton of fuorescenty labeled “test” DNA and “contror DIVA on a

Side that contains thousands of probes corresponding to defined chromosomal regions across the hurman genome. The

resoluton of most currently avalable array CGH assays i in the order of about 200 to S00 kiobases. Higher pover
view of the array demonsirates copy number aberrations i the “test” sample (CyS, red), Including regions of
‘amplficaton (spots wih excess of red signal) and deetion (spots wilh excess of oreen signal); yelow spots
‘correspond to regions of normal (dplok) copy number. B, The hybriizatin signals are digtized, resuling i a virtual
Karyotype of the genome of the “test” sample. In the flusirated example, array CGH of a cancer cel ine dentifies an
‘ampificaton on the distallong arm of chromosome 8, which Corresponds to increased number of the oncogenic MYC.
(A, From Snijders AM et L. Assembly of microairays for genome-wide measurement of DA copy number. Nat
(Genet 29:263, 2001. Web Figure 4, Copyright 2001. Reprinted by permission from Macrilan Publishers Lt )
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ped agau m general,
this second antibody (surprisingly called the secondary) is anti-mouse, it will bind to any
mouse derived primary antibody. This secondary antibody will be labelled, which then
can be detected as before. Because the primary antibody is being indirectly detected
through the use of an intemediate Iz molecule, this is termed the indirect method.

Indirect Betsrati

Datectatie Swarste

Subatate L T

The direct method of THC is simple and efficient, but the indirect holds some
major advantages. With the direct method, you need specific labelled primary antibodies
for every protein you want to investigate. But if you are using the indirect method, one
labelled anti-mouse secondary will work with all mouse derived primaries. One anti-
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Himage 1A, Normal breast lobule. Heterogeneaus estrogen
receptor (ER) reaction; strongly positive, weakly positive, and
negative nuclei are seen side by side (x 100l B, Infiltrating
mammary carcinoma, low nuclear grade. Uniform positive
reaction for ER (x50).

fization was characterized by a gradual decrease in the inten-
sity of the reaction from the better-fixed periphery of the tis-
ste section toward the center Mmage 3L Likewise, normal
ductal and lobular epithelium in inadequately fixed areas of
tissue did not stain for ER. In necrotic areas. loss of ER anti

Himage 20 Infiltrating ductal carcinoma, intermediate nuclear
grade. Uniform positive reaction for estrogen receptor in
‘mor nudlei contrasts with the heterogeneous staining
pattern of nonneoplastic ductal epithelium (x200).

41 True focal staining for ER was exceedingly uncommon. In
these rare cases, the areas of tumor that were negative for ER
usually were sharply separated from the positively stained
areas, appeared adequately fixed, and generally presented a

i It larger cells and pleomor

different histologic appearance. eg.








